In this paper, recommendations are made regarding the management of congenital pseudarthrosis of the tibia. Fifteen patients, operated on for this condition by members of the Staff of the Campbell Clinic, are reported.
Experience has shown that following an initial successful bone-grafting operation, refracture is common during growth and that, therefore, end-result studies made before skeletal maturity are not reliable. Seven of our 15 patients have now reached skeletal maturity, and end results can be reported not only regarding treatment but also regarding social and economic status. These seven have previously been reported in 194 1 and 1948;' in 1948 only one had reached skeletal maturity. Eight more patients have been treated since 1948; none of these can be included in an end-result study because none have reached skeletal maturity. They are of interest in regard to pathology and methods of treatment. of the tibia had been noted since early infancy, and she had sustained a fracture of the right tibia at the age of fifteen months following a minor fall. Nonunion had persisted in spite of treatment in a cast for one month and in a brace for six months. On admission, a mobile pseudarthrosis of both the tibia and fibula was present. It was thought that the fracture had occurred through a preexisting bone cyst.
On July 10, 1925, a massive onlay homologous graft from her mother's tibia was applied and was maintained by five wire loops; cancellous bone was packed about the site. Postoperatively the extremity was immobilized in a toe-to-groin cast for ten months. The wire loops were removed 12 months postoperatively; roentgenograms made 14 months after operation showed solid union of the graft and reformation of the medullary canal.
A residual valgus deformity of the ankle was treated by supramalleolar osteotomy at the age of 15 years, 12% years after onlay grafting. This healed readily with cast immobilization. Due to a congenital pseudarthrosis of the fibula alone in the opposite leg, with a valgus deformity of the ankle, a supramalleolar osteotomy was done on the left, at the age of 1 5 % years. This united without difficulty.
In 1949, she had a painful neurofibromatous mass removed from the left foot. Numerous cafe'au-lait spots were present on the body.
She was last seen February 13, 1958, at 35 years of age, 32% years following onlay grafting. At that time she had no complaints referable to the lower extremities. Both tibiae were of equal length, but both ankles remained in approximately 20" valgus deformity. She was a graduate nurse, had married, had a child, and was a social and economic success.
Tissue removed at the time of her initial operative procedure was not studied microscopically. Tissue removed from the sole of the left foot was diagnosed as neurofibroma.
Case 2. H.L., a white boy, two and one-halfyears-old, was first seen at the Campbell Clinic on May 25, 1937. Deformity, with motion in the tibia, had been noted at birth; and many cafb-aulait spots were present on the body. There was tapering of the bone ends of the tibia and fibula when the child was first seen at the Clinic; one operation for the correction of the deformity had been done at the age of nine months. At the age of two years and seven months, a lengthening of the tendo achillis and a Hallock operation,20 with iliac chips from the mother being used, were done. A year later these grafts had resorbed and clinical motion was present at the site of the pseudarthrosis.
On March 2, 1939, massive single onlay grafting was done, tibial bone from the mother being used. The graft was held in position by four Vitallium screws. Postoperatively the extremity was immobilized in a toe-to-groin cast for five months; a heel-to-groin brace was used for a year. Fourteen months after operation the screws were removed. He continued to use a heel-to-groin brace for another two years. The brace was then discarded against advice.
Three years and seven months following the onlay grafting, the child fell from a merry-goround and sustained a fracture of the tibia and fibula at the site of previous pseudarthrosis. Nonunion persisted in spite of immobilization in a case for two and one-half months; the bone ends showed progressive absorption.
On June 4, 1945, at the age of ten and onehalf, dual onlay grafting was done, the opposite tibia being used as the donor bone. Internal fixation was obtained by four screws. Use of a cast was continued for one year, and a heel-to-groin brace for four years.
Roentgenograms, made seven and one-half months following the dual onlay grafting, showed solid union and roentgenograms, made 36 months after operation, showed a well established medullary canal. He was last seen at the age of 23 years, 12% years after the last operative procedure. There was three quarters of an inch shortening of the right tibia with only one quarter of an inch over-all shortening of the entire extremity. On the anterior projection, a 5" valgus deformity of the tibia and a 15" valgus tilt of the right ankle were noted; on the lateral projection a 10" anterior angulation of the tibia was seen. The patient had no complaints relative to the leg but did have multiple neurofibromatous nodules over the body and a severe thoracolumbar kyphoscoliosis.
He had been economically productive in a gainful occupation only a few months before being convicted of a misdemeanor and imprisoned. When last seen, he was undergoing psychiatric investigation. From a social and economic aspect, this should have been classed a successful case.
Microscopic Examination. The tissue removed from the site of pseudarthrosis at the time of single onlay grafting showed large masses of heavy, sclerotic bone and hyaline cartilage embedded in dense but cellular connective tissue. There was active osteoblastic and osteoclastic activity and areas of chondroid change away from the main site of activity. No neurogenic elements were seen. There was considerable thickening of the walls of the muscle arteries.
In the periosteum there was cellular fibrous tissue resembling fascia and quite similar to that in which the pseudarthrotic joint was embedded. Occasional small nerve trunks were seen; they did not appear abnormal. Again, some of the muscular arteries had thickened walls.
Tissue removed at the time of the dual onlay grafting showed two masses of dense, newly formed bones which came to rather blunt points in cellular fibrous tissue, like that described above, intervening between these two fragments. This connective tissue was osteogenic. No neurogenic elements were seen. It was fairly vascular, but no large arteries were present.
No tissue was available from the first two operative procedures.
Case 3. W.J.W., a five-year-old white girl, was first seen on July 19, 1939, with a history of an ununited fracture of the left tibia since birth. A fibular graft from the opposite leg had been applied at the age of one year followed by cast immobilization for three years, but nonunion had persisted clinically and roentgenographically. There was three eighths of an inch shortening on the affected side.
Three days later, on July 22, 1939, at the age of five years, dual onlay grafting was done in which tibial bone from the father was used. Five months later, the screws were removed. Roentgenograms made at this time showed union of the graft, but a medullary canal was not established until two years and seven months postoperatively, at approximately the age of eight.
When last seen on October 10, 1942, the affected leg was three eighths of an inch longer than the normal one. Considerable anterior bowing of the tibia persisted, and the bone was thin and fragile. We then considered her operation a failure, for at that time, although the tibia had united and had reestablished its medullary canal, we felt that due to the bowing and the thinness of the tibia she was certain to have further difficulties with it, probably in the form of a fatigue fracture.
In the latter part of 1942, she was lost to followup, but in the present survey we found that she had been admitted to the James Lawrence Kernan Hospital in Maryland on January 10, 1944. Be-Clinical orthopadis and Related Research cause of recurrence of pseudarthrosis of the tibia and fibula and persistence of this condition following ten weeks of cast immobilization, a second dual onlay bone graft was applied with bone chips packed about the area. Her postoperative condition was complicated by a slough of skin on the medial aspect of the leg. Later a sliding full thickness skin graft was done, but this again was complicated by skin slough. Several pieces of bone sequestrated through the wound; the wound edges had gradually healed. Cast immobilization was maintained until September 10, 1945, and then a brace was applied. At this time the tibia had united but brace immobilization was advised.
At our request, she was again seen at the Kernan Hospital in March 1958. In the interim, the patient had continued to wear a brace, had graduated from high school and business college, and had worked as a stenographer until she married. She stated she had been able to lead a normal life with very few exceptions, such as dancing. She was the mother of a nine-month-old child, and was a social and economic success.
Microscopic Examination. Bone removed at the time of the initial onlay grafting showed large dense masses of newly formed sclerotic bone which had a Paget-like pattern reflecting an irregular flow of bone formation and destruction. This ended abruptly in fibrocartilage and fibrohyaline cartilage. At one extremity of fibrocartilage, there was a well developed subchondral bone plate, and enchondral ossification appeared to be occurring beneath this. The bone was quite vascular, the vessels being large, dilated, and fairly thin-walled. No neurogenic elements were seen.
Case 4. R.L.D., a three-year-old white boy, was first seen March 25, 1935. His leg had apparently been normal at birth, but following weight-bearing there developed a gradual anterolateral bowing of the left leg.
Four days prior to admission, the child had turned his ankle and had had immediate pain in the leg. Roentgenograms revealed a fracture at the junction of the middle and lower thirds of the tibia through a cyst; a large cyst was also seen in the upper third of the tibia but there was no fracture at this level.
For the next four years the leg was protected by braces or by plaster immobilization but it failed to unite. On September 23, 1939, at the age of seven and one-half, dual onlay bone-grafting, with tibial bone from the mother, was accomplished. Roentgenograms made four months later showed beginning union. The leg was immobilized in a cast for six months and in a brace for two years. The five screws which had been used for internal fixation were removed ten months after operation, and roentgenograms made 11 months postoperatively showed union well established, the fracture line obliterated, and a good medullary canal; the cyst in the upper third of the tibia had almost completely disappeared without treatment.
On January 22, 1947, the boy, at the age of 15, seven years and four months postoperatively, was fully active without a brace. The affected leg was three-quarters inch longer than the opposite one, and a calcaneovalgus deformity of the foot was present. Cajii-au-lait spots were present on the abdomen and buttocks. Roentgenograms showed a sound tibia with mild anteromedial bowing.
No further personal follow-up or roentgenograms have been obtained, but a report from the patient's father in January 1958 stated that at age 26, eighteen years and three months postoperatively, the young man was doing sea duty with the merchant marine with no limp and no disability in his leg. Socially and economically, then, we consider the result successful.
Microscopic Examination. The tissue removed at the time of curettage and dual onlay grafting showed the bone, both proximally and distally, to be dense and heavy. There was a very active osteoblastic process. The ends of the two segments ended abruptly with only small, blunted spicules extending into a zone of cellular fibrous tissue which showed some cartilaginous metaplasia and an occasional small cyst. In a few points, the cartilage united the bony trabeculae, and here and there was seen to be minimal osseous union. Good callus was present on one cortical aspect of the lesion, but there was amorphous material reflecting a degenerative change in this callus between the segments of the cortex. No neurogenic elements were seen.
Case 5. J.E., a five-year-old white boy, was first seen at the Campbell Clinic in September 1941. From his foster parents, it was learned that the child had struck his left leg against a table and presumably sustained a fracture at 13 months of age; however, they thought that this leg had been crooked prior to the fracture. His leg had been immobilized in a cast for eight months and in a brace for three years. Roentgenograms at the time he was seen at the Campbell Clinic showed a typical pseudarthrosis at the junction of the middle and distal thirds of the left tibia, with tapering of the bone ends and overriding of the fragments. Cajii-au-lait spots were noted on his body. On September 15, 1941, at age five years, a dual onlay bone-grafting was done, tibial bone from the foster father and internal fixation by four Vitallium screws being used. Postoperatively, cast immobilization was continued for five and one-half months, and then a brace was applied. Two and one half months postoperatively, his leg was clinically solid, and weight-bearing, in a brace, was allowed approximately six months after operation. Roentgenograms, made at this time, showed obliteration of the fracture line and union of the graft to both tibial fragments. Two months later, eight months postoperatively, the screws were removed, and roentgenograms showed complete union of the dual graft and obliteration of the fracture line; but moderate anterior angulation was present.
Roentgenograms, made two years and eleven months after operation, showed a fairly well developed medullary canal, but anterior bowing and valgus deformity of the ankle which had been present postoperatively had increased. The affected lower extremity was three quarters of an inch shorter than the opposite one: however, the femur on the affected side was longer.
Periodic roentgenograms, beginning at three years and four months after operation, showed the progressive development of a fatigue fracture without callus formation and associated with sclerosis of the bone about the site of former pseudarthrosis. There was noted to be gradual narrowing of the medullary canal. A complete fracture occurred August 14, 1946, five years postoperatively, when the patient, wearing a brace, slipped while going down steps.
A below-the-knee amputation was performed on September 2, 1946, at approximately age ten. At this time the affected tibia was one and onehalf inches shorter than the normal one, and roentgenograms showed marked absorption of bone about the fracture site.
After the below-the-knee amputation, the patient was very quick to adjust to his prosthesis, and when last heard from in January 1958 was carrying out practically all the normal activities of any young man of 21 years.
Although this patient from a reconstructive standpoint is considered a failure, both the patient and his foster father are fully convinced that below-the-knee amputation was the procedure of choice following refracture, in view of the possibility of repeated surgical attempts to gain union with the outcome in doubt, and the ultimate outcome as to the usefulness of the leg likewise in doubt.
Microscopic Examination. The tissue removed at the first operative procedure showed the presence of an adventitial bursa between the skin and the bone ends. The bone consisted of segments of somewhat sclerotic irregular bone embedded in dense, very cellular fibrous connective tissue. The tissue seemed to be undergoing metaplasia to cartilage or cartilage-like material in a few areas. At one point, the bone resembled the bone that would be seen in a subchondral bone plate. No neurogenic tissue was seen.
The amputated lower leg included the site of pseudarthrosis. The bone was very dense and sclerotic. There was small callus on one surface. The marrow spaces were filled with a cellular fibrous tissue which became more cellular and had a distinct whorled appearance as the site of the nonunion was approached. Distal to this, in either direction, osteoblastic activity was pronounced, but near the site of the pseudarthrosis, the bone trabeculae ended rather abruptly in very cellular fibrous tissue which contained amorphous debris. Near this, osteoclastic activity was so pronounced that it was noted to be the most striking feature of the specimen. The osteoclasts were arranged in palisade formation in many areas and far outnumbered the osteoblasts. The picture was reminiscent of what one might see in hyperparathyroidism. It was noted that the stroma here might erroneously be interpreted as neurofibroma.
Case 6. R.K., a white boy, seven-and one-halfyears-old, was first seen at the Campbell Clinic on March 2, 1943. Anterior bowing of the right leg had been noted at birth, and roentgenograms made shortly after birth showed increased tibial and fibular bowing. The tibia was solid and the diameter of the bones remained normal. Roentgenograms made six months later showed a completely fractured fibula with absorption of the fragments, and a decrease in the diameter of the medullary canal of the tibia with increasing sclerosis. Casts were used intermittently for immobilization from age eight months to age two years. A corrective osteotomy of the tibia was done. This resulted in nonunion.
At the age of four and one-half years, inlay grafting had been done, bone from the opposite tibia being used. Nonunion persisted, and the leg had been supported in a brace until the time of his admission to the Campbell Clinic. At that time he had a typical mobile pseudarthrosis of the tibia and fibula with a two and one-half inch shortening of the affected leg. Many cufi-uu-laif spots were noted over the body, and one tumor which was thought to be neurofibroma was present on the sole of the left foot. On March 3, 1943, a dual onlay bone graft was applied, bone from the mother's tibia being used. Internal fixation was obtained with four Vitallium screws. Cast immobilization was maintained for three months and a brace was worn for three and one-half months. At this time, although the fractures had solidly united, he sustained a fracture while walking in a heel-to-groin brace at the level of the proximal screw in the distal fragment. The limb was immobilized in a cast for another three months. On
Clinical Orthopaedics and Related Research
January 4, 1944, at the age of eight, dual onlay grafting with bone from the father's tibia was done. At the time of the operation a fracture occurred through osteoporotic bone just above the level of the ankle a t the lower end of the graft. Immobilization in a toe-to-groin cast was maintained. Roentgenograms made ten months postoperatively showed union of the graft with both tibia1 fragments, with complete obliteration of the fracture line; the supramalleolar fracture had likewise united, but with anterior angulation. The patient was last seen at the Campbell Clinic in October 1944 and was subsequently followed by Dr. Leo Mayer, from whom later study was obtained.
The patient continued to wear a brace from 1944 until 1952. In June 1952 he sustained a fracture at the site of angulation of the distal portion of the tibia. This was first treated by immobilization in a plaster cast for one month. Later an ankle fusion was performed, and a medullary rod was inserted through the ankle up across the site of pseudarthrosis. Absorption of bone in the region of the fracture again occurred, and in July 1953 multiple cortical and cancellous iliac grafts were placed in a gutter a t the site of pseudarthrosis and in both fragments. Immobilization was obtained by a toe-to-groin cast. In December 1953, five months postoperatively, roentgenograms and clinical examination revealed solid union of the leg. The medullary nail was left in place.
When last seen on February 3, 1958, the patient walked with a mild limp. H e had two and threequarter inches shortening of the right leg. However, the ankle had been fused in equinus position, so that with a two and one-half inch elevation of the heel alone inside his shoe, the pelvis was kept level. The leg was smaller in diameter than the opposite one, and the skin was considerably scarred, but the patient had graduated from college and was employed as an accountant, in which occupation he traveled about the sidewalks and subways of New York City each day. His physical limitations were primarily confined to inability to participate in athletics. H e was last seen, at the age of 21, 14 years after the second dual onlay graft and four and one-half years after the application of multiple chip grafts about the fracture site supplemented with the previously indwelling medullary nail. The nail was still in place and causing no disability, being embedded in the soft tissue beneath the calcaneus.
Microscopic Examination. The soft tissue removed from the site of pseudarthrosis at the time of initial dual onlay grafting revealed a cellular fibrous tissue containing a moderate number of vessels which did not seem to be abnormal. The tissue was seen to be undergoing mucinous change in some areas; no neurogenic elements were seen.
The tissue removed at the time of the second dual onlay grafting showed a large mass of dense sclerotic bone which was in a quiescent phase. The soft tissue was extremely cellular, and a foreignbody reaction was noted with hemorrhage. The most striking feature was a marked hypercellularity of fascia-like connective tissue which blended into adjacent fat, with septa coursing into the fat. This was said to resemble the fibrocytic proliferation seen in a Dupuytren's lesion or fascia1 fibroma. There was no evidence of abnormality of nerve tissue; very few nerve fibers were present.
Sections removed at the time of the last operation, in 1953, showed osseous tissue which was nonviable. There was scar formation in the marrow spaces. On the periphery of the nonviable bone, some areas of callus formation were noted.
Case 7. V.L.S., an eight-year-old white girl, was first seen at Campbell Clinic on February 2, 1944. A deformity of her right leg had been noted since she began walking at the age of nine months. Since that time she had been treated intermittently by cast and braces. There was clinical evidence of a mobile pseudarthrosis of the tibia and fibula, with marked valgus deformity of the lower third of the leg; a questionable cafe'-au-lait spot was present on the chest.
At the age of eight, on February 8, 1944, dual onlay bone-grafting was done, bone from her father's tibia being used. Seven months later, the grafts had united with the fragments of the tibia but the fracture line was still present. Cast immobilization was maintained continuously for twenty and one-half months, during which time the dual onlay graft was gradually absorbed and the deformity recurred. On November 26, 1945, a second dual onlay graft was applied, bone from the opposite tibia being used. The patient was discharged wearing a cast on June 1, 1946, and has subsequently been followed elsewhere. The screws through the proximal fragment were removed three and one-half years after the second dual onlay grafting; immobilization was maintained by means of a cast for one year, and a brace was worn continuously for a total of 12 years and three months. The medullary canal was reestablished three months postoperatively; the grafts showed union nine months postoperatively. However, the bone was narrow and angulated in the lower third of the tibia.
The patient was last examined elsewhere at our request on January 29, 1958. At that time she wore a leg brace with free motion at the ankle. She discarded the brace in the evening when walk- The Classics 21 ing about the house for as long as an hour without pain. She had no complaints referable to the knee, leg, ankle, or foot, and was able to walk five or six blocks without tiring. For the previous one and one-half years, she had worked a 40-hour week as a secretary. She had a functional range of motion in her ankle but moderate varus deformity of the heel and mild adduction of the fore part of the foot. The right lower extremity was one and three-quarter inches shorter than the left.
Roentgenograms showed that the tibia was angulated anteriorly and narrow a t the site of the previous pseudarthrosis with two small defects which had not completely ossified. Three screws remained in the affected tibia.
The patient had married and could be considered a social and economic success.
Microscopic Examination. The tissue removed at the first operation showed dense sclerotic bone; and, although osteoid seams were present giving a malacic appearance, very little osteoblastic activity was seen. The dense bone ended rather abruptly in a fibrous and fibrohyaline cartilagelike material. Distal to this, there was moderately cellular fibrous connective tissue containing a few vessels and showing some mucinous change. N o neurogenic elements were seen.
COMMENT ON GROUP I All seven of these patients have reached skeletal maturity. All seven had repeated reconstructive operations. From the surgeon's point of view, one (Case 5 ) failed because it resulted in below-theknee amputation; three were moderately succesful, two of these (Cases 3 and 7) needing braces, and one (Case 6) needing a shoe elevation; and three were successful (Cases I , 2, and 4). From a social and economic point of view, all were successful except one (Case 2), and this surgically was a success. The one surgical failure (Case 5 ) was a social and economic success.
GROUP 11: PATIENTS WHO HAVE NOT REACHED SKELETAL MATURITY Case 8. E.V., a four-year-old white girl, was first seen at the Campbell Clinic January 13, 1949. Prior to this time she had had two operations. At the age of two she had tripped and bruised her leg, and a small tumor had developed on the lateral side, the histopathological description of which was unobtainable. The tumor was removed, and the leg was immobilized in plaster for three months. When the plaster was removed, the child fell or was struck, and the tibia was fractured. After closed reduction, the leg was im-mobilized in plaster for two months. Nonunion occurred which was not painful; there was, however, considerable deformity and anterior angulation. A second procedure, the nature of which was not known by the patient, was performed, but nonunion persisted.6
On January 14, 1949, at the age of four, a dual onlay graft was applied, bone from her mother's tibia being used. Cast immobilization was maintained for six months. A brace was used for five and one-half years. The grafts united, and the medullary canal reformed.
Approximately four and one-half years after the dual onlay grafting, she was struck by another child, and although in a brace she sustained a fracture at the site of the original pseudarthrosis.
On July 1, 1955, at the age of ten, a second dual onlay graft was applied, bone-bank tibia1 bone and five screws being used. She was maintained in a cast for five months and in a brace for 25 months-until the time of writing. Union of the grafts with the tibia had been seen roentgenographically at four and one-half months, and reestablishment of the medullary canal at 30 months postoperatively.
The child was last seen at the Campbell Clinic in January 1958. At this time the five screws were removed under general anaesthesia, and reinforcing homogenous rib grafts were placed about the tibia. A thorough examination failed to reveal the presence of cafe'-au-lail spots or other stigmata of neurofibromatosis. At the time of writing she was 12 years old and had not reached skeletal maturity. She will continue to wear a brace until she does.
Microscopic Examination. The tissue removed at the first dual onlay grafting showed a complex pathological picture. Large areas of dense sclerotic bone were either surrounding or being encroached upon by fairly well defined masses of highly cellular connective tissue which was actively osteogenic and in which there was a pattern of bone formation reminiscent of fibrous dysplasia. Areas of this connective tissue apeared to be old and showed hyalinization. Between the ends of the bone at the site of pseudarthrosis, there was a definite line of this tissue separating the two fragments, and both active osteoclastic and osteoblastic processes were present. Sections of the periosteum showed a cellular osteogenic connective tissue which resembled that seen in fibrous dysplasia.
In the tissue removed at the second dual onlay grafting, dense, heavy, bone trabeculae were seen with some hyaline cartilage in apposition. Dense, rather hyalinized connective tissue was also seen, containing thick-walled vessels and some large Clinical Orthopaedics and Related Research nerve trunks which were densely enmeshed in this tissue. These nerves were in an abnormal location or had been encased in the dense scar tissue.
Case 9. C.F., a three-month-old white girl, was first seen at the Campbell Clinic on March 27, 1950. A mass was noted on her leg in which there was bowing, and roentgenograms revealed a rather extensive cystic lesion involving the middle and lower thirds of the right tibia. On March 28, 1950, the cyst was curetted and the defect packed with slivers and chips from her mother's ilium. Postoperatively immobilization was maintained by means of a toe-to-groin cast for three and onehalf months until roentgenograms revealed almost complete obliteration of the previously grafted cystic area. At that time, an osteoporotic area was seen just below the graft; this was interpreted as persistence of the cyst. She was followed at sixweek intervals until nine months postoperatively, at which time roentgenograms revealed that the cystic area in the lower third of the tibia was practically obliterated and the medullary canal had been reestablished. In view of persistent angulation of the tibia, a bow-leg splint was applied for night use and a bow-leg brace was worn for day use. She was then seen at intervals of three months, six months, and 12 months, with no evidence of recurrence of the cystic area until January 25, 1958. The brace had been discontinued after approximately one and one-half years. At her last visit the patient was normally active for a child of eight years. There was no shortening of either lower extremity, and no evident deformity. In roentgenograms made at this time, the tibia appeared essentially normal, with mild anterior bowing in the middle, but a small cystic lesion had developed in the anterior cortex at the site of the lower level of the previous cystic lesion, and a frank pseudarthrosis of the fibula had occurred. A thorough examination of the child failed to reveal any cafe'-au-fait spots or other stigmata of neurofibromatosis. This child will be followed at regular intervals, and if the cystic lesion shows evidence of increasing in size or of failure to disappear, it will be prophylactically curetted and packed with cancellous bone.
Microscopic Examination. The tissue removed March 28, 1950, was very cellular and fibrous, containing spicules of metaplastic bone. The picture was at least highly reminiscent of, and probably indistinguishable from, fibrous dysplasia.
Case 10. J.B.W., a nine-month-old white girl, was first seen at the Campbell Clinic November 3, 1953, with a history of a deformed left leg since birth. At age six months, a diagnosis had been made of congenital pseudarthrosis with no initi-ating trauma. Initial roentgenograms showed a fixed pseudarthrosis with a cystic lesion in the tibia. No cafe'-au-hit spots or other congenital anomalies were seen. The extremity had been immobilized in a toe-to-groin cast for three months. On November 4, 1953, dual onlay grafting of the left tibia, with bone from her mother's tibia, was done. Postoperatively immobilization was maintained in a toe-to-groin cast for four months. Roentgenograms at that time showed absorption of the graft about the distal fragment.
On March 3, 1954, a second dual onlay bone graft was applied, bone-bank cortical bone supplemented with autogenous fibular bone being used. Immobilization was maintained by a toe-togroin cast for three and one-half months, and a heel-to-groin brace was worn for twenty months. Follow-up roentgenograms showed gradual absorption of the graft. On March 8, 1956, at the age of three years and three months, a third dual onlay graft was applied, bone-bank tibia1 bone being used. Immobilization was maintained by a toe-to-groin cast postoperatively for 14 months; a heel-to-groin brace was worn for four months. At this time, she sustained a fatigue fracture below the graft through an osteoporotic defect. When the patient was last seen in January 1958, the extremity was again immobilized in a toe-togroin cast; the new fracture showed no tendency toward union. Open reduction with reapplication of a bone graft and placement of a medullary nail in the tibia is now contemplated.
Microscopic Examination. The tissue removed at the first operation showed a thickened periosteum which was extremely cellular due to a hyperplastic process consisting in proliferation of fibroblastic cells which in some places were irregularly arranged and in others had a distinct whorled arrangement. Irregular areas were vascular. The periosteum showed a hyperplastic process which was said to be closely analogous to that seen in fascia1 fibromatosis. The bone removed was dense and sclerotic. At the end of each fragment, there was a large mass of hyaline cartilage which was covered by periosteum or perichondrium. Active bone formation was present.
The periosteum removed at the second operation resembled that removed initially; it showed cellularity which was due to hyperplasia, a proliferation of fibroblastic cells which blended into the less cellular adjacent fascia-like tissue. The tissue in one area had an obviously osteogenic potentiality, since small trabeculae of bone had been produced. A few nerve fibers were isolated in the connective tissue and showed what was interpreted as a degenerative change.
The tissue removed at the third operation showed again marked cellularity and proliferation again blending gradually into adjacent less cellular connective tissue or fascia-like tissue. Again it was noted that this was not a tumor but did resemble fibromatosis. In areas, there was seen to be early rnucinous change and also cartilage metaplasia. A space lined with what looked like synovial tissue with a villonodular appearance was also seen. Case 11. D.B.B., a seven-month-old white boy, was first seen at the Campbell Clinic July 6, 1956, with a noticeable deformity in the left lower extremity; this had been present from the second day of life, when the child had been seen by a physician and a diagnosis made of congenital pseudarthrosis of the tibia. On examination at Campbell Clinic there was a fixed pseudarthrosis at the junction of the middle and distal thirds of the left tibia with no evidence of cafk-au-lait spots or other stigmata of neurofibromatosis. On July 11, 1956, dual onlay grafting was accomplished, bone from his mother's tibia being used. Immobilization was maintained postoperatively by a toe-to-groin cast. During cast immobilization there was absorption at the site of pseudarthrosis and progressive recurrence of the anterior angulation.
On February 8. 1957, a triangular medullary nail was inserted retrograde at the distal fragment down anterior to the ankle joint and calcaneus and thence up through the proximal fragment for stabilization. An autogenous fibular graft with tibial shavings was then placed about the tibia. Again immobilization was achieved postoperatively by means of a toe-to-groin cast.
When next seen on February 5, 1958, roentgenograms showed union of the pseudarthrosis with such growth of the distal fragment in length that the distal end of the medullary nail which had initially extended into the sole of the foot beneath the calcaneus was not seen to lie at the level of the neck of the talus. Although the pseudarthrosis had united, the bone showed signs of decreasing in width. The child was therefore hospitalized along with his mother, and under general anaesthesia the densely adherent and thickened periosteum was widely resected and an iliac cancellous graft from the mother was placed about the site of pseudarthrosis medially, posteriorly, and anteriorly. Postoperatively, immobilization was again maintained by a toe-to-groin cast. The cast will be left on until union of the grafts has occurred at which time a brace will be prescribed.
Microscopic Examination. Tissue removed at the initial operation showed fibrous tissue within which there were two areas of bone. Within the bone, marrow cavities were noted. The bone ap-peared to be active osteogenically, but some of the marrow spaces were filled with soft fibrous tissue.
Tissue removed at the second operation (insertion of the medullary nail) showed, again, portions of fibrous tissue in which were noted granulation tissue, and fragments of bone and cartilage. The bone here was seen to taper to a point, was very dense and sclerotic and on the tip was covered by irregular hyaline and fibrocartilage. The connective tissue was not unusually cellular but did show a foreign-body reaction. No neurogenic elements were seen.
Tissue removed at the third operation showed a markedly thickened periosteum in which were embedded small trabeculae of bone. Again a foreign-body reaction in the fibrous tissue was noted.
Case 12. J.G.B., an infant white boy, was seen at birth by a member of the staff at the Clinic because of marked shortening and angulation of the left lower extremity. Roentgenograms at that time showed an absence of the lower portions of the tibia and fibula; the proximal half of the tibia and fibula were stunted, with tapering of the bone ends. No other congenital anomalies were seen; there were no cafk-au-lait spots. The child was followed with periodic roentgenograms, and, at the age of seven months, ossification of the distal portions of the tibia and fibula had begun to appear. The child's extremity was maintained in corrective casts for about three years, at which time there was anterior angulation of the lower portion of the leg with two and one-half inches shortening of the left lower extremity. The distal tibial and fibular diaphyses failed to grow in length. Because of the deformity, and failure of the leg to grow in length, a below-the-knee amputation was done October 21, 1957, when the child was three years old.
Microscopic Examination. The amputation specimen showed sclerotic tapering bone ends, between which lay proliferative fibrous tissue, in the center of which was a joint space lined with synovial membrane.
The pathological study of this specimen will be reported in detail at a later date by the Division of Pathology and Microbiology of the University of Tennessee Medical Units.
Case 13. H.L.C., a white girl, was one of twins; her twin was entirely normal, and three other normal siblings were present in the family. She was first seen at the age of three months because of a deformity with obvious pain in the left lower extremity. Roentgenograms at that time revealed a typical pseudarthrosis of the left tibia and fibula at the junction of the middle and distal thirds. Cafk-au-lait spots were noted over the trunk; but there were no other stigmata of neurofibroma-tosis, although the father showed clinical evidence of neurofibromatosis.
On January 7, 1958, a modified Sofield pro-cedure4) was done on the child's left lower extremity; the pseudarthrosis was resected up to good bone, the upper portion of the tibia osteotomized, and the upper tibia1 fragment reversed so as to place good metaphyseal bone next to the proximal end of the distal fragment. In addition, a homologous graft of cancellous bone was placed between the osteomized fragments to overcome the gap left by removal of the pseudarthrosis. A Steinmann pin was inserted retrograde out the distal fragment through the sole of the foot, then proximally through the osteomized segment and cancellous graft, and into the proximal fragment. A double hip spica was applied. The child had an uneventful postoperative course and was discharged on January 21, 1958.
Microscopic Examination. Examination showed that the site of the pseudarthrosis had been resected and the two ends of bone came to fairly sharp points. There was minimal osteoblastic activity around the tips of the bones. The striking feature was a large mass of very cellular fibrous tissue, which seemed to be confined, in part at least, by somewhat expanded periosteum; the periosteum, however, appeared to have been split longitudinally by this mass of cellular connective tissue. This tissue had a dumbell or collar-button shape, with the larger portion on either side lying over the area of pseudarthrosis and adjacent bone, and the smaller portion extending into and constituting the pseudarthrosis. This tissue was highly cellular, arranged in whorls and bundles, and, as commented before, bore a striking resemblance to the tissue of fascia1 fibromatosis. I n the midportion, however, between the two bone extremities, small irregular but well-formed synovial spaces were seen.
Case 14. D.F., a Negro girl, 22-months-old, was first seen by members of the staff of the Campbell Clinic in November 1957. The child was a ward of the Public Welfare Department, but her mother, seen later, said that at the age of approximately one year a deformity of the lower portion of the child's left tibia had been noted and that she had been referred to the Tennessee Crippled Children's Service. The child was there seen by an orthopedic surgeon who advised that the operative procedure be delayed for approximately one year, at which time she was to return to be seen by a member of the staff of the Campbell Clinic. On her initial examination here, there was a fixed pseudarthrosis with anteromedial bowing at the junction of the middle and distal thirds. The child had been walking without pain. Several cafk-au lait spots were noted on the trunk and buttocks. On December 12, 1957, the child and her mother were hospitalized, and dual onlay grafting was accomplished the following day with bone from the mother's tibia and internal fixation with four stainless-steel screws. Postoperatively, immobilization was maintained by a toe-to-groin cast. A mild postoperative wound infection with a slough of skin of approximately 1.5 centimeters in diameter developed directly over the area of previous pseudarthrosis. This gradually healed and at three months postoperatively, March 13, 1958, the child was being maintained in a hip spica cast.
Microscopic Examination. A small cyst which was removed from the subcutaneous tissue over the pseudarthrosis was lined with synovial cells, and was undoubtedly an adventitial bursa. The other tissue removed from the site of pseudarthrosis was in large fragments, and orientation was difficult to interpret. There were irregular segments of rather sclerotic bone about which little activity, either osteoblastic or osteoclastic, was seen; these were embedded in rather dense, cellular, hyperplastic fibrous tissue in a nodular or lobular form, which in some areas seemed to be undergoing a mucoid or chondroid change.
Case 15. R.A.McG., a four-month-old white girl, was first seen at the Campbell Clinic on November 23, 1953, at which time a mass was noted in the left leg. This had been noted initially one month prior to examination and had been thought by the parents to have doubled in size during the month of observation prior to her first visit to the Clinic. On examination, the child had no birth marks, cufe'-au-lair spots, or other stigmata of neurofibromatosis over the body, except perhaps for the mass in the leg. This was a softtissue mass 10 by 5 centimeters over the upper anterior third of the left tibia. It did not clinically involve the knee joint. The mass, clinically, was noncystic and firm, and seemed to blend with surrounding fat. Roentgenograms made a t the time of the Clinic visit revealed a cystic lesion at the junction of the middle and distal thirds of the left leg with anterolateral angulation of the tibia and fibula at this site. In addition, a soft-tissue mass was seen occupying the entire upper half of the left leg below the knee. It was felt that the softtissue mass was either neurofibroma or lipoma. The day following examination the child was admitted to the hospital. The soft-tissue mass was excised with sharp dissection: it was found to be encapsulated with an attachment to the crest of the tibia anteriorly and to the muscles of the anterior compartment of the leg as well. The cystic defect in the tibia was curetted and packed with bone. The mass was subsequently diagnosed as The Classics 25 rhabdomyosarcoma, and the microscopic picture produced by tissue from the cystic lesion was described as that of fibrous dysplasia. Amputation was done through the upper portion of the thigh. The amputation stump healed readily and the child was followed at monthly intervals on an outpatient basis. Roentgenograms of the chest made on October 18, 1954, nine months postoperatively, showed definite metastases to the lungs. The child expired shortly thereafter.
This we feel is a rather strange coincidental occurrence of rhabdomyosarcoma-the tissue of the tumor showing definite striations microscopically-and fibrous dysplasia in a pre-pseudarthrotic area of the left tibia and fibula.
DISCUSSION

PATHOGENESIS
Since the first description of congenital pseudarthrosis by Hatzoecher in 1 708,2' numerous theories of etiology have been advanced. For the most part, earlier theories suggested intrauterine trauma, such as embryonic constricting bands, abnormal compression of the skeleton of the foetus by the amnion,'**" constriction by amniotic adhesions,'6*26 and even trauma from the outside.I7 These, over the years, have been discarded. As the foetus and the amniotic fluid are of essentially the same specific gravity, it is inconceivable that external violence could produce only localized i n j~r y .~' Theories related to generalized metabolic dis-turbances28 have likewise been cast aside,24 since studies of the affected children have failed to reveal any generalized nutritional or metabolic di~turbance.**~~' HeredityI8 at one time was advanced as the possible cause, but to date in the English literature, only one instance of more than one case in the same family27 (a maternal first cousin) has been reported. Vascular abnormalities in the lower extremities have likewise been suspected," since specimens dissected following amputation have been known to show a microscopic picture of e n d a r t e r i t i~.~~ It has been theorized that a defect in the nutrient artery to the tibia"*23,40 might be the cause.
However, from the studies of T r~e t a~~ and from the modern use of medullary nails, which must undoubtedly interrupt the blood supply from the nutrient arteries to the bones in most instances, we have learned that the presence of an intact nutrient artery is not a necessary factor for bone healing. If the nutrient artery is defective in congenital pseudarthrosis, it would not impair the blood supply to the periosteum and the outer one third of the cortex of the tibia.
Since the work of D~r a i s w a m i , '~ endocrine abnormalities have been advanced as the possible cause. However, it hardly seems reasonable that endocrine abnormalities would affect only one side of the skeleton during its formative growth. In Duraiswami's insulin-induced pseudarthrosis in chick embryos, the cases illustrated showed bilateral symmetrical involvement. To date only one case of bilateral congenital pseudarthrosis of the tibia has been recorded in the English literat~re,~' and Camurati, in reviewing 145 cases from the world literature, found only 4.5% bilaterally involved.8 Two of our patients had congenital pseudarthrosis of the tibia and fibula on one side and of the fibula on the other.
It has been often observed that there is a definite relationship between congenital pseudarthrosis of the tibia and neurofibro-mato~is,~' and it is inferred by several aut h o r~,~, ' ' ,~~ that the pseudarthrosis is due to an extraosseous or an intraosseous neurofibromatous mass. In the English literature, only two cases of intraosseous neurofibroma at the site of a congenital pseudarthrosis of the tibia have been recorded. The case reported by Green and Rudo'' showed intraosseous neurofibroma at two levels, the tibia having fractured first at one level and later at the other. At both operative procedures, tissue was removed which was interpreted as an intraosseous neurofibroma. The other case appears to be less well substantiated. Jacobs, Kimmelstiel, and Thompson2' postulated in this case "that actual destruction of bone by subperiosteal or intraosseous neu-Clinical Orthopaedics and Related Research rofibromas with so-called subperiosteal cysts must be assumed as the cause of fracture"; however, the microscopic picture of the tissue removed from the site of congenital pseudarthrosis in that case showed "well formed lamellar bone in continuity with a large mass of connective tissue. This latter enclosed small fragments of necrotic bony spicules and a small area of new formation of bone by direct metaplasia." No staining for nerve fiber was done, but the authors concluded that the pathological diagnosis was neurofibroma. In retrospect, this patient, who had cafb-au-lait spots, enlargement of the clitoris, and intracortical cystic lesions above the fracture site, would appear to exemplify Albright's disease.
Of 178 cases of reported congenital pseudarthrosis of the tibia from the Shriners' Hospitals of North America, seventeen were said to show neurofibromatosis "at the site" of the congenital pseudarthro~is.~~ However, the exact site-that is, whether intraosseous or extraosseous-is not recorded.
The incidence of von Recklinghausen's neurofibromatosis and pseudarthrosis of the tibia occurring simultaneously is certainly frequent enough to lead one to believe that there is a definite relationship between the two. B.H. Moore, in studies on nerves of 78 patients with various congenital deformities,37 found pathological changes in the microscopic sections of the peripheral nerves in 91% of the 78 cases. In an earlier paper,36 he had stated that the condition of the nerves in pseudarthrosis stood in the relation of cause and effect, although the mechanism of production was not entirely clear.
Since the microscopic picture of fibrous dysplasia was seen in two of our patients in the tissue between the bone ends, it is of interest to note that Aegerter' suggested that three conditions-neurofibromatosis, congenital pseudarthrosis, and fibrous dysplasia-are in some way related. He feels that in neurofibromatosis there are both true neoplasms, such as neurilemoma, melanoma, and glioma, and hamartomatous prolifera-tions, such as the bundle pattern of fibrocytes described in plexiform nerve lesions and pedunculated skin tumors. In microscopic sections examined from congenital pseudarthrosis of the tibia, he states that there is a hamartomatous proliferation of fibrous tissue (leading some to mistake it for neurofibroma) which undergoes metaplasia into poor or disorganized bone; the lesion of fibrous dysplasia (like those in pseudarthrosis) represents an inability to produce normal bone in one or more areas with metaplasia into primitive tumors of neurofibromatosis, but quite similar to the hamartomatous structures of that disease. Aegerter suggested that these curious fibroblastic masses have a common cause in all three conditions, that is, an alteration in the nerve pathways to these areas which produces abnormal growth and maturation of the tissues supplied. He gained further support for this theory from the finding by B. H. Moore36 of a neurofibromatous mass in the posterior tibia1 nerve in a patient with congenital pseudarthrosis of the tibia.
Aegerter's description of the pathology of the tissue found between the bone ends of the tibia in congenital pseudarthrosis seems to correlate well with the majority of the reported pathological studies in the literature; that is, an abnormal mass of fibrous or fibroblastic tissue interposed between sclerotic bone ends in which occasional bone trabeculae, poorly formed cartilage, or fibrocartilage is seen. It could well account for the thickened periosteum which Mc-E l~e n n y~~ believes is the etiological factor and which we have observed in each patient operated upon since reading his interesting report.
Reports of cystic lesions at the site of the pseudarthrosis are not at all unusual in the lesions were observed in three or four of our patients: Cases 4, 9, and 15, and probably Case 1. One cyst of the tibia (in Case 9) was curetted and packed with bone chips prior to an impending fracture, and the patholog- ical description was consistent with that of fibrous dysplasia. In this patient a pseudarthrosis of the fibula subsequently developed.
A recent review of the pathological reports of 14 of the 15 patients revealed the presence of this proliferative fibrous tissue with occasional bone trabeculae and poorly formed hyaline or fibrocartilage, along with a markedly thickened periosteum. There were two exceptional cases: Case 12, in which a true joint cavity lined with synovial cells was found between the bone ends, and Case 13, in which synovial spaces were also found in the fibrous tissue between the bone ends. It should be added that in Case 12, the roentgenograms were also atypical. In none of the 14 patients have neurofibromata been found in fragments themselves, although either cuff5-au-luit spots or neurofibromatous skin nodules were found in nine of our fifteen patients.
Of the six patients who did not show cafa'u-lait spots or neurofibromatous skin nodules, the mean age was five years; the extremes were one and 12 years of age, and it is possible in these that neurofibromatous skin nodules may develop later.
Pathologically, there are two major types of congenital pseudarthrosis of the tibia. In the first, a cystic lesion occurs in the lower third of the tibia, the microscopic pathological pattern of which resembles fibrous dysplasia. In these patients the diameter of the tibia is not significantly narrowed. The second type is represented by those patients who have a marked narrowing of the diameter of the tibia with obliteration of the medullary canal and sclerosis. Tapering of the bone ends follows fracture. The gross pathological appearance in these is marked thickening of the periosteum, and proliferation of fibrous tissue about and filling the fracture site. The microscopic findings are consistent with that described by Aegerter as a hamartomatous proliferation of fibrous tissue. This is the more common type and more prone to nonunion and refracture. The actively prolifer-ating pathological fibrous tissue produces a tightly adherent constricting band about the site of pseudarthrosis, causing constriction of the bone with associated atrophy of the latter secondary to pressure. This thickened indurated band of fibrous tissue also diminishes the blood supply to the bone. Unfortunately, there is a marked tendency to reformation of the constricting band following its excision and bonegrafting. Consequently, the factors producing the original pseudarthrosis continue to operate and are the underlying cause of refracture.
In view of the above inferred relationship of abnormal nerve pathways and congenital pseudarthrosis of the tibia, it is quite possible, as suggested by Badgley, O'Connor, and K~d n e r ,~ that at some time during the fifth week of embryonic life, maldevelopment of the mesodermal structures of the leg occurs, secondary to abnormalities in the nerve pathways. This concept can be supported by the findings of B. H. Moore in his studies of peripheral nerve changes associated with congenital deformitie~.~' It is further substantiated by the work of Duraiswami,I4 and by the fact that Bassetta' described an early pre-fracture stage of congenital pseudarthrosis of the tibia in a 14week-old foetus.
Thus in approximately 430 cases which have been reported in the English literature during the last 50 years,40 we are now only a little closer to determining the pathogenesis than at the time of Codivilla's publication in 1907 when he postulated that it was due to an embryonal lack of development in the arterial supply to the bone." TREATMENT An appraisal of the literature for end-result studies on the management of congenital pseudarthrosis of the tibia is difficult, because relatively few patients have been reported following the attainment of skeletal maturity, and because end results of the operative procedures advocated should not be Clinical orthopaedii and Related Reaearch evaluated until after completion of bone growth. Since the ultimate aim is to have a socially and economically rehabilitated patient, end-result studies should include these two factors. A review of the entire literature in English relative to treatment shows that a variety of operative procedures have been advocated, each one usually by an author who is particularly interested in that procedure and whose results generally have been reported as an endorsement of his method. In this review, reports were found of 91 cases where either the operative age and the total follow-up period were stated, or the age at final follow-up could be determined. Of these 91, only 16 patients had reached skeletal maturity. Thus we have for appraisal from our point of view the end results for only 16 patients. Of these, two had had a persistent nonunion; a third had undergone amputation; and six had obtained union from an operative procedure the type of which was not definitely stated although the author reporting them recommended a "sliding-end-under-boneflap-onlay graft."29 Excluding these, we have seven remaining patients in whom we know both the operative procedure performed and the fact that the patients had been followed to skeletal maturity. Of these seven, three had a massive single onlay graft of autogenous or homogenous bone: of these three, one had been followed for only two years,4 one for five years,I2 and the third for 22 years.' Of the remaining four, two had had a by-pass graft35 and had been followed postoperatively for 14 and 16 years, respectively; and two had had a delayed graft and had been followed for over ten years4'
As well as we could determine, the 91 patients had been subjected to 23 varieties of treatment; the total number of procedures performed by the reporting authors was 167. (Note that this number does not include the procedures these 91 patients underwent before being treated by the reporting authors.) The results of the 167 procedures were reported as follows: union in 94 instances, and nonunion in 57 instances; in three instances, the result was classed as too early to evaluate at the time of reporting. Amputation was performed in four instances. Nine accessory procedures were performed either before or after the major procedure and were not directed toward securing union. Refracture of the previously united tibia was common.
The 23 varieties of treatment ranged from simple cast fixation alone (which was successful in only one atypical case36 in which refracture subsequently occurred), to amputation; they included the most current approach as advocated by S~f i e l d ,~~ multiple osteotomy, and medullary nail fixation of the affected tibia. For the most part, all operative procedures had been directed toward obtaining either an autogenous or a homogenous graft to bridge the affected area. The relative frequency of the operative procedures done by authors reporting in the English literature, regardless of length of follow-up, is given in Table 1 .
Almost all of the operative procedures have their advantages, but all, likewise, have their disadvantages. Simple cast immobilization has not been reported as successful in any case of true congenital pseudarthrosis. Amputation is the easy solution to a difficult problem, but aesthetically and anatomically is not acceptable to the average parent. The use of a massive onlay graft from the opposite tibia involves the risk of weakening the unaffected tibia, and the possibility of fracture. The composite pedicle transfer procedure," besides being technically difficult, is fraught with the possibility of infecting the unaffected leg. The delayed autogenous bone graft4' depends upon hypertrophy of a small graft or upon multiple reinforcement of the grafted area to obtain a tibia large enough to be free from danger of refracture, and requires two operations on the unaffected leg. Use of the opposite fibula as an onlay graft has not been reported to be SUCcessful with any frequency. The fibula on the same side is usually not suitable for an onlay graft because it is small and may also have a pseudarthrosis. The two-stage fibular tran~plantation~~.~' requires two operations, and depends on hypertrophy of a small bone or repeated reinforcement in order to obtain a tibia large enough to withstand weightbearing. When multiple chip grafts are used alone," either from the affected tibia or from the ilium, fixation of the fragments depends upon cast immobilization. This method has not been successful in a majority of the cases. Wide resection of the periost e~m~~ has been reported successful in one case; here again, fixation of fragments depends upon cast immobilization alone. The use of barrel-stave grafts" has a similar disadvantage. When an inlay graft' from the same tibia is used, the graft is too small and the internal fixation is inadequate. The bypass graft,35 reported successful in nine out of eleven cases, may result in an angulated and shortened tibia. The boneflap onlay graft was reported successful in seven out of eight cases,29 but here again, immobilization depends primarily upon cast fixation. The dual onlay grafP7 has been said to be technically difficult; it also requires the acceptance by the host of homologous bone, since in order to obtain cortical bone of adequate size a bone donor must usually be found, unless the patient is near the age of puberty. Another disadvantage is the difficulty in securing fixation of the grafts to the distal fragment when the site of pseudarthrosis is near the distal end of the tibia.
No matter which operation is performed, the affected tibia is prone to refracture until skeletal maturity is reached. For this reason, the use of medullary nails as advocated by Charnley' and S~f i e l d~~ has the advantage of continuous internal fixation over a long period of time, and thus the danger of refracture is less. However, it also has the danger of damage to the ankle joint or to the distal tibial epiphysis.
Our fundamental philosophy of the treatment of congenital pseudarthrosis has changed during the past ten years. Previously, we have recommended that operative 
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treatment be delayed until the child is three to five years old. Our present policy, however, is to begin operative treatment as soon as anaesthesia and an operative procedure of this magnitude can be done safely. This prevents the establishment of marked shortening and deformity, and early use of the extremity minimizes retardation of growth. We also explain to the family that treatment consists in multiple operations similar to the multiple operations required in the rehabilitation of patients with several other types of orthopaedic conditions. Further, in those patients with pseudarthrosis who are seen prior to fracture with cystic lesions and anterolateral angulation of the leg, we advocate Clinical orthopaedics and Related Research early treatment consisting in curettage of the cystic lesion and placing bone grafts in the defect, followed by cast immobilization until the defect is obliterated and a tibia of adequate size achieved. This has been done in two patients reported here, and we feel that in another patient a true congenital pseudarthrosis of the tibia might have been prevented by these prophylactic measures. If the cyst shows evidence of recurrence, the area should be recuretted and packed with bone chips. We also believe that dual onlay bone grafting is the initial treatment of choice in those patients with established pseudarthroses, provided that the distal fragment is long enough to permit placement of the screws at an adequate distance from the pseudarthrosis.
In those instances in which the distal tibia1 fragment is too short for adequate fixation with cortical grafts, the use of medullary fixation and bone grafting is indicated, either by the method of Charnley' (Case 1 1 ) or that of S~f i e l d~~ (Case 13). These stabilize the fragments adequately and allow wide resection of the pathological fibrous tissue; and Sofield's method places relatively normal bone at the site of previous pseudarthrosis. Additional bone may be packed about the site to increase the diameter of the tibia. Wide resection of the constricting fibrous tissue band should be employed before the application of a dual graft or before the use of medullary fixation.
The subsequent treatment is one of repeated observation roentgenographically and clinically. If at any time the tibia shows evidence of narrowing or sclerosis of the cortex or medullary canal, wide resection of the constricting periosteal sleeve and reinforcing grafts are indicated, to increase the diameter of the tibia and to produce a barrier inhibiting the reformation of the constricting fibrous tissue.
RECOMMENDATION
A registry of congenital pseudarthrosis of the tibia should be established. The person-nel in charge should include members of our specialty and allied sciences bearing on this condition, such as pathology, embryology, and physiology. All relevant information should be channeled to this registry, including case histories, operative findings, microscopic pathology, and clinical follow-up through skeletal maturity. Study of a large series of well documented cases placed in such a registry would improve our knowledge far more effectively than any one small group of orthopaedic surgeons can now do. CONCLUSIONS 1. There are two distinct types of congenital pseudarthrosis of the tibia. In the first, a cystic defect, with or without fracture, is present and the pathological findings resemble those in fibrous dysplasia. The second shows sclerosis and tapering of the bone ends, probably due to a constricting band of fibrous tissue. In this type, union is more difficult to secure.
2. The etiological factors are still undetermined, but are probably due to a maldevelopment of the mesodermal structure during the fifth week of fetal life, with an associated abnormality occurring in the nerve pathways to the affected leg.
3. Pathological studies of material obtained from within the bone and between the bone ends at the site of pseudarthrosis are notably lacking in the literature. Each specimen excised should be thoroughly studied. 4. Early surgical treatment before the development of marked deformity is advised. In the first type the cyst should be curetted and the defect filled with bone chips; additional bone grafting may or may not be necessary. In the second type, a wide resection of the constricting band of pathological soft tissue should be done, combined with suitable bone grafting and adequate internal and external fixation; the latter, achieved by casts followed by suitable braces, should be continued until skeletal maturity or until a tibia of relatively normal size develops.
5. In cases with extreme deformity, am-putation may be indicated when one is reasonably sure that a prosthesis will provide a better weight-bearing extremity than the best extremity that could be obtained following successful reconstructive surgery. In making the decision, the surgeon should compare the function of an artificial leg with the best result that can reasonably be expected following reconstructive surgery, not with a normal extremity. 6. Repeated clinical and roentgenographic examinations should be continued until skeletal maturity is reached. If at any time evidence of narrowing of the bone or sclerosis of the medullary cavity appears, prophylactic operative intervention with wide resection of the constricting band of scar tissue should be done. In addition, reinforcing grafts should be placed about the area of previous pseudarthrosis.
7. Multiple operations may be necessary during the growth period.
8.
A registry for congenital pseudarthrosis of the tibia is needed in order to enhance our knowledge of its etiology, pathology, treatment, and end results through the age of skeletal maturity. NOTE: The authors are indebted to Dr. Scott Gilmer, Jr., Pathologist, Campbell Clinic and Assistant Professor, Division of Pathology and Microbiology, University of Tennessee Medical Units, Memphis, Tennessee, for reviewing the pathology of the cases reported and for describing the microscopic sections.
